Ranging from ephemeral saline wetlands and playa lakes to deep permanent meromictic lakes, inland saline lakes are diverse and common on most continents in regions of arid climate (Meybeck 1995) . The aridity concentrates dissolved solutes (salts, organic compounds, nutrients), and many of these systems are shallow, eutrophic, and receive high amounts of sunlight during summer months. Despite their ubiquity, small lakes and ponds have been ignored in many estimates of global C cycling (Duarte et al. 2008) . Saline lakes often have high primary (Salm et al. 2009 ) and secondary production Robarts 2000, 2004) . Organic matter character and cycling in saline lakes remains poorly studied but appears to be strongly influenced by conductivity (salt content; Curtis and Adams 1995) and, at times, dominated by autochthonous dissolved organic matter (DOM) that undergoes substantial microbial transformation (Leenheer et al. 2004) , likely in response to nitrogen and phosphorus availability (Ortega-Retuerta et al. 2007) . DOM cycling in saline lakes is of interest because saline lakes have the potential to release large amounts of CO 2 to the atmosphere (Duarte et al. 2008; Finlay et al. 2010) .
Further, DOM is a critical regulator of lake ecosystem function and originates via allochthonous sources in watersheds or from autochthonous primary production within the system, both sources potentially being modified by bacteria (Findlay and Sinsabaugh 2003) . Sunlight can photochemically degrade DOM, potentially increasing its availability to bacteria (e.g., Waiser and Robarts 2004) and/or its mineralization to CO 2 (Osburn and Morris 2003) , yet evidence also exits that sunlight can photochemically humify DOM (Kieber et al. 1997; Mayer et al. 2009 ). In addition to these pelagic processes, labile DOM can be supplied from the littoral zone (Stets and Cotner 2008) . Many endorheic lakes fluctuate in salinity, and changes in ionic strength in aquatic ecosystems may alter DOM microbial degradation (Boyd and Osburn 2004) and photochemical reactivity (Osburn and Morris 2003; ). A clearer understanding of how DOM-which forms the basis of the microbial loop in most aquatic ecosystems-responds to evapoconcentration and dilution will provide a context within which to evaluate lake ecosystem function in response to changing and fluctuating climate (e.g., Anderson and Stedmon 2007) .
Biogeochemical analyses of DOM in lakes suggests that autochthonous sources are more abundant in carbohydrates and proteins (often measured as total hydrolyzable amino acids) than are allochthonous sources, which are dominated by recalcitrant compounds, such as lignin. Broadly, these DOM sources can be traced using DOM's fluorescence properties (Fellman et al. 2010) . The chemical composition of DOM in saline lakes is not well known and may differ from freshwater lakes, in part because of the very different physicochemical environments (e.g., abundance of salts, restricted water input, long hydraulic residence time, and high sunlight exposure), in addition to high primary productivity. Overall, this lack of knowledge on the DOM of saline lakes complicates their characterization within modern lake paradigms of lacustrine structure and function (Williamson et al. 1999) .
In this paper we characterize DOM in prairie lakes in the U.S. midcontinent along a gradient of conductivity, which we assumed a priori represents the effects of negative hydrologic balance (precipitation minus evaporation). We specifically examined the contribution of autochthonous and allochthonous C sources to DOM in these lakes, to evaluate whether patterns observed in a limited number of saline lakes are widespread. In the Great Salt Lake, for example, DOM was characterized as almost entirely autochthonous, originating from algae and bacteria and having a major fraction composed of oxidized amino sugar derivatives (Leenheer et al. 2004) , compounds that can contribute to DOM fluorescence through their microbial and/or photochemical modification (Biers et al. 2007 ). Additionally, we wanted to define the role of DOM photochemistry in prairie lake carbon cycling. To achieve our objectives, we measured DOM excitation-emission matrix (EEM) fluorescence as a primary means of characterizing DOM (Stedmon et al. 2003; Fellman et al. 2010 ) and compared these results to DOM chemical properties (carbon stable isotopes and lignin concentrations). We considered the photodegradation of DOM in prairie lakes as a C flux in addition to heterotrophic respiration. This study was part of a larger research project to investigate the effects of DOM on primary production in prairie saline lake ecosystems (Salm et al. 2009 ) and included ,30 lakes in the Great Plains of the United States, ranging from western Nebraska to eastern North Dakota.
Methods
Study sites-Surface water samples were collected from lakes in the Great Plains in May and August 2004. The limnological characteristics and a summary of optical and chemical properties of DOM for each lake in 2004 are presented in Table 1 . (Additional data from June 2001 are included in this study only for Alkali Lake, North Dakota.) Data from a prior study on primary productivity rates and nutrients in these lakes were included with the DOM properties measured in this study (Salm et al. 2009 ). The central Great Plains (CGP) lakes are located near the Crescent Lake National Wildlife Refuge in southwest Nebraska. The northern Great Plains (NGP) lakes span from North and South Dakota to eastern Montana. Most lakes are sulfate and carbonate dominated (Salm et al. 2009 ). Apart from the survey of 27 lakes, Alkali Lake, North Dakota (an NGP lake), was sampled in June 2001 and May and August 2004. Water from the 2001 sampling was used in a photobleaching experiment.
Sample handling and measurements-DOM samples were gently filtered through precleaned (18.2 MV MilliQ-water rinse) 0.2-mm polyethersulfone membranes (PALL corporation) using a peristaltic pump and precleaned silicone tubing, directly into acid-washed 250-mL polycarbonate bottles and stored in the dark at 4uC. Storage time varied between 2 and 3 weeks, since the sampling period lasted up to 2 weeks. Upon return to the lab, all the samples were measured for chromophoric DOM (CDOM) absorbance using a Shimadzu UV1601 spectrophotometer with MilliQ water as a reference. A 1-or a 5-cm quartz cell was used for all samples, which were corrected for scattering by subtracting the absorbance at 700 nm. The subtracted measured absorbance (A) was converted to Napierian absorption coefficients (a) using Eq. 1.
L was the pathlength of the quartz cell in meters (0.01 or 0.05 m). The spectral slope, S, of the absorption curve over the wavelength range of 300 to 650 nm (S 300-650 ) was obtained by fitting Eq. 1 to the measured data using nonlinear regression. The ratio of S calculated from 275 to 295 nm (S 275-295 ) to S calculated from 350 to 400 nm, S R , was also calculated (Helms et al. 2008 ). CDOM EEM fluorescence was measured immediately following absorption measurements on a Shimadzu RF5301 spectrofluorometer. Excitation wavelengths ranged from 250 to 450 nm at 5-nm increments, while emission wavelengths were sampled every 1 nm from 300 to 600 nm. EEM fluorescence intensities were corrected for Rayleigh and Raman scattering by Milli-Q water blanksubtraction and for instrument bias prior to correction for any inner-filtering effect (Stedmon and Bro 2008) . Finally, each EEM was calibrated to the water Raman signal so that fluorescence is reported in Raman units (nm 21 ). These corrections were performed using an in-house script written for Matlab. Once processed, EEM files were assembled into a data matrix and modeled by parallel factor analysis (PARAFAC) in Matlab using the DOMFluor toolbox (Stedmon and Bro 2008) . PARAFAC uses an alternating least squares process to minimize an error term between measured and modeled EEMs, which are constructed from loadings of three factors corresponding to excitation wavelength, emission wavelength, and fluorescence intensity. No assumptions were made regarding the shape of components decomposed from the data matrix, except for nonnegativity constraints (e.g., negative fluorescence intensity is meaningless in this case). Split-half validation was used to validate the number of components.
Dissolved inorganic carbon (DIC) samples were gently filtered by syringe into 40-mL borosilicate vials to overflowing and then capped tightly with a Teflon-lined septum and stored at 4uC in the dark until shipped back to the laboratory for analysis. Storage time was about 15 d from sampling to analysis. Dissolved organic carbon (DOC) samples were filtered into prcombusted (550uC, 6 h minimum) 40-mL borosilicate vials capped with Teflonlined septa using the protocol described above and acidified to pH 2-3 with reagent grade H 2 SO 4 (Fisher Scientific). These samples were stored at 4uC for ,2-3 weeks prior to analysis after shipment from the field sites.
DIC and DOC concentration and stable isotope values (d 13 C) were analyzed separately on a modified analytical system that coupled an OI 1010 total organic carbon wet chemical oxidation (WCO) carbon analyzer to a Thermo Delta PlusXP isotope ratio mass spectrometer (WCO-IRMS; Osburn and St-Jean 2007) . DIC measurements were conducted on 0.1-2-mL aliquots in which 5% H 3 PO 4 was added to the sample in the reaction chamber of the TOC analyzer and heated to 80uC for 2 min. The CO 2 formed was then sparged from solution past a nondispersive infrared (NDIR) detector to quantify DIC concentration (in mg C L 21 ), and then swept in a stream of ultrahighpurity (UHP) He to the IRMS for d 13 C measurement. DOC measurements were made on 0.3-to 1-mL samples (depending on DOC concentration) after presparging with UHP He for 10 min to remove inorganic C prior to analysis. On some samples containing large amounts of DIC (up to 1200 mg L 21 ), the sparging time was extended up to 8 h. The CO 2 evolved after heated persulfate oxidation was measured with a protocol similar to that for DIC. Calibration of carbon concentrations was achieved with the response of potassium hydrogen phthalate solutions of known concentration (1 to 100 mg L 21 ); relative standard deviations were ,3% over this range of DOC concentrations. The smaller sample volumes described above were used to place the response of high DOC samples within this calibration curve range for the NDIR detector, and appropriate adjustments for sample size were made to get the actual concentrations. Carbon stable isotope values of DIC and DOC are reported as d 13 C in per mil units (%):
where R samp is the ratio of 13 C : 12 C for the sample and R ref is the ratio of 13 C : 12 C of CO 2 reference gas. Carbon isotope values were normalized to the Vienna Pee Dee Belemnite international scale using solutions of oxalic acid (218.3%) and L-glutamic acid (226.2%), and reproducibility of d 13 C measurements was 60.4%. Lignin phenols were used as biomarkers for vascular plant contribution (terrestrial organic matter) to DOM on 23 lakes in May 2004. Roughly 500 mL of 0.2-mm filtrates was acidified and extracted onto C 18 resin in the field following Louchouarn et al. (2000) . The extracts were eluted from the columns in the laboratory using high-purity methanol and evaporated to dryness in 150-mL Teflon reaction vessels then hydrolyzed in 2 mol L 21 NaOH via microwave-assisted CuO oxidation in an inert atmosphere of N 2 (Goni and Montgomery 2000) . Trans-cinnamic acid was added as a recovery standard, and lignin oxidation products were quantified on a five-point calibration of eight individual phenol standards. Separation of lignin phenols was performed on an Agilent G1530A 6890 series gas chromatograph (GC) fitted with a RTX-5MS capillary column (30 m, 0.25-mm inner diameter; Restek), and detection was performed using an Agilent 5973 mass selective detector. Lignin was quantified as the sum of eight vanillyl, syringyl, and cinnamyl phenols (S 8 ) and normalized to DOC concentration (L 8 ). The ratios of syringyl to vanillyl phenols (S : V) and cinnamyl to vanillyl phenols (C : V) were used to indicate vascular plant tissue type. The ratio of acid to aldehyde phenols in the vanillyl group (Ad : Al) v was used to indicate oxidative degradation.
Photobleaching experiment-Water from Alkali Lake, North Dakota, was used in photobleaching experiments to determine changes to DOM caused by natural sunlight exposure, following methods in . Filtered water samples were placed into baked (550uC, 5 h) quartz bottles closed with ground glass stoppers and sealed on the outside with parafilm. The bottles were submerged in a flowing water bath at a depth of 3 cm and exposed to natural sunlight for 2 d. Bottles wrapped in foil also were exposed to natural sunlight as dark controls. After the exposure period, DOC concentration, DOM absorption, and EEM fluorescence were measured.
Results
General lake characteristics-DOM optical and chemical characteristics varied widely among the lakes surveyed; several lakes had very large DOC and CDOM concentrations, in addition to high conductivity. The limnological characteristics of the lakes are presented in Table 1 , and specific optical and chemical properties are presented in Table 2 . Median values are reported in both tables to show the influence of high conductivity lakes on the mean values of the properties studied. Both the lowest conductivity (0.6 mS cm 21 ) and the highest conductivity (72.8 mS cm 21 ) were measured for the CGP lakes (Island Lake and Border Lake, Nebraska, respectively). In general the CGP lakes were shallow (,2 m), while the NGP lakes ranged in depths from 1 to 13 m (Salm et al. 2009 ). The CGP lakes were also smaller in size, most ,1 km 2 , while the NGP lakes often exceeded 1 km 2 . Bitter Lake, South Dakota, was the largest lake sampled (55.8 km 2 ). Goose Lake, Montana, had the highest conductivity of the NGP data set and was similar in many respects to the CGP lakes. The attenuation coefficient for photosynthetically active radiation (PAR), K dPAR , averaged 1.99 m 21 , and the median value was 1.69 m 21 , values similar to Canadian prairie lakes (Arts et al. 2000) .
DOC concentrations-DOC concentrations ranged from 13.40 mg L 21 (Kettle Lake, North Dakota) to 328.6 mg L 21 (Goose Lake, Nebraska; Table 1 ). These values are toward the upper end of DOC concentrations across most lake ecosystems (Sobek et al. 2007 ), but they are consistent with saline lakes and wetlands (Arts et al. 2000; Mariot et al. 2007 ). Three lakes had extremely high DOC concentrations, .500 mg L 21 (Border Lake, Wickson Lake, and Patterson Lake, all in Nebraska), which may have indicated contamination from DIC, and were removed from further analysis involving DOC-related results. Lakes less than 1.00 km 2 had DOC concentrations ranging from 20 to 328.6 mg L 21 , except for Kettle Lake, North Dakota. The median DOC concentration was 28.4 mg L 21 , lower than the mean DOC concentration of 61.9 mg L 21 ; the latter value is skewed by the high DOC concentrations in Goose Lake, Montana, and Goose Lake, Nebraska. A log-log regression of DOC concentration on lake area was not significant.
CDOM absorption and fluorescence-CDOM absorption at 350 nm (a 350 ) was lowest (1.7 m 21 ) for Brush Lake, Montana, and highest (123.98 m 21 ) for Patterson Lake, Nebraska (Table 2 ). Similar to DOC concentration, the Table 2 . Chemical and optical data for the lakes in this study. S average a 350 (26.49 m 21 ) was much larger than the median a 350 (10.6 m 21 ). However, the spectral slope (S) values, which are a qualitative indicator of the rate at which CDOM absorption declines with increasing wavelength over various wavelength ranges, were distributed over a narrower range. The minimum S 300-650 value was 21.35 6 0.02 mm 21 (Free Peoples Lake, North Dakota), while the maximum S 300-650 value was 42.1 6 1.2 mm 21 (Goose Lake, Montana). Further, unlike DOC concentration or a 350 , the mean S 300-650 value (28.61 mm 21 ) was much closer to the median S 300-650 value (26.70 mm 21 ). The distribution of values for S 275-295 and S 350-400 was very similar to that for S 300-650 ( Table 2 ). The average S R value was 1.36, very similar to the median value of 1.33. East Stump Lake had the minimum S R value (1.04), while Clear Lake had the maximum S R value (1.83).
Like S values, maximum fluorescence (F max ) values were also distributed over a narrow range. The median F max was 2.49 nm 21 , while the mean F max was 3.79 nm 21 . However, Brush Lake, Montana, had the lowest F max (0.43 nm 21 ), whereas Patterson Lake, Nebraska, had the highest F max (14.02 nm 21 ). Thus, the most absorptive and fluorescent material was found in Patterson Lake, Nebraska, and the least absorptive and fluorescent material was found in Brush Lake, Montana. These lakes were different from Border Lake, Nebraska, which had the highest DOC concentration, and Kettle Lake, North Dakota, which had the lowest DOC concentration.
EEM fluorescence variation among lakes-Five representative EEMs from the lakes are shown as contour plots in Fig. 1 , both for May 2004 and August 2004 samplings. The dominant peak in each lake occurred at an excitation nm : emission nm ratio (Ex : Em) of Ex 250 : Em 380-460, which corresponds to the ultraviolet (UV) humic-like peak A (Table 3; Fellman et al. 2010 ), but which also has been observed in microbial and photochemical modification of amino sugars (Biers et al. 2007 ) and in marine phytoplankton cultures (Romera-Castillo et al. 2010) . Secondary peaks were observed at Ex 275 : Em 340 (peak T) in Brush Lake and Clear Lake. Lake George is representative of most lakes surveyed and has a pattern consistent with typical freshwater DOM fluorescence. Peak A dominates, but a strong secondary signal at Ex 320-360 : Em 420-460 (peak C) also is observed, most often as a plateau, as is a shoulder into peak T. Goose Lake, Montana, DOM exhibits a different pattern in the dominant fluorescent regions of its EEM. While peak A is prevalent and dominant in May 2004, this lake showed the development of a longer wavelength peak in August centered on Ex 300 : Em 400 nm. This peak corresponds to peak M in Table 3 and was the dominant peak in several lakes from the CGP. Peak M was the strongest signal in DOM fluorescence in high conductivity lakes and had a strong relationship to nutrients and DOC over a wide geographical and limnological distribution of lakes from near freshwater (e.g., Kettle Lake, Montana) to hypersaline (Border Lake, Nebraska). Another prominent feature of the Goose Lake EEM fluorescence in August 2004 was the shoulder extending out to soil fulvic-like fluorescence at Ex 390 : Em 509 (peak D) and a nearly discrete peak at Ex 435 : Em 535. The latter feature is likely a component of humic acid-like fluorescence (Fellman et al. 2010) .
Some overlap between terrestrial and autochthonous DOM fluorescence peak assignments occurs. Several marine phytoplankton groups grown in axenic cultures produced strong peak T and peak M fluorescence (Romera-Castillo et al. 2010) . Microbial and photochemical modification of autochthonous DOM also appears to generate fluorescence that overlaps with terrestrial sources. Sunlight photohumification of labile substrates produced fluorescence similar to peak C (Kieber et al. 1997) , whereas microbial and photochemical processing of amino sugars in seawater produced peak A, peak C, and peak M fluorescence (Biers et al. 2007 ). However, in the latter study, these features were transient and quickly disappeared upon further sunlight exposure. In coastal upwelling systems, strong peak M and peak T fluorescence attributed to microbial processes has been observed (Nieto-Cid et al. 2006; Milbrandt et al. 2010) .
Fluorescence-derived indices-Ratios of fluorescence intensity over specific regions have been used to provide a snapshot of DOM source and reactivity. The humification index (HIX) describes DOM's age and recalcitrance, while the biological index (BIX) describes a contribution of autochthonous DOM to natural waters (Birdwell and Engel 2010) . HIX showed a wider degree of variation (1.39 to 6.44) for the study lakes than did BIX (0.69-1.02), but lakes having high HIX values had correspondingly low BIX values. For example, Goose Lake, Nebraska, had the highest HIX value (6.44), but one of the lowest BIX values (0.72), while Goose Lake, Montana, had one of the lowest HIX values (1.47) and the highest BIX value (1.02). The range of HIX and BIX values are bracketed between fulvic acids from algal-dominated Pony Lake, Antarctica (18 and 1.5, respectively; Birdwell and Engel 2010) and a chlorophyte-dominated algae culture (0.22 and 2.09, respectively, C. Osburn unpubl. data).
PARAFAC model results-Using PARAFAC, a fivecomponent model was split-half validated for the NGP and CGP lakes. In order to achieve the validation, several lakes (Goose Lake, Montana; Border Lake, Nebraska; Goose Lake, Nebraska; Jim Lake, Nebraska; Patterson Lake, Nebraska; and Wickson Lake, Nebraska) had to be removed from the data set because their calculated leverages (a computation relating any individual sample to the average of the data set) were close to one, indicating their uniqueness from the rest of the data set (Stedmon and Bro 2008) . The results of the split-half validation are shown as the loadings for each component in the two halves randomly selected from the total data set ( Fig. 2) . Each half of the data was modeled separately for five components; each component is ranked one to five in terms of the amount of variance that component explained for the overall model. For each component, both halves are nearly identical, indicating a valid choice of the number of components derived by the PARAFAC model. Component 4 had the weakest match between halves for the excitation loading. The validated model components correspond to previously identified EEM fluorescence regions (Table 3) . Three of five components identified by PARAFAC were mainly of terrestrial origin (C1, C3, and C4) and corresponded to the peaks C, A, and D, respectively. C2 resembles peak M, identified as microbially transformed autochthonous DOM (Fellman et al. 2010) . Finally, C5 corresponds to proteinlike fluorescence, but the emission maximum at 324 nm was not resolved into either tryptophan fluorescence (emission at 340 nm) or tyrosine fluorescence (emission maximum at 304 nm).
Visual inspection of the distribution of F max values for each component of the PARAFAC model revealed several trends (Fig. 3) . First, despite the variability explained, the F max values are mostly ranked C3 . C2 . C1 . C5 . C4, or, in terms of peak assignments, A . M . C . T . D. This pattern generally held for 17 of the 21 lakes in the model, though in one case (Horseshoe Lake, North Dakota), the F max values for C1 and C2 (peak C peak M) were equal. Notable exceptions to this trend were observed for two lakes from NGP and two lakes from CGP. For Brush Lake, Montana, the C5 (peak T) was second in terms of F max , while for Clear Lake, Montana, this component had the highest F max value. In both of these lakes, C1 (peak C) was only greater in fluorescence than C4 (peak D). In the CGP lakes, Alkali Lake, Nebraska, had a higher C4 (peak D) F max value than C5, while Island Lake, Nebraska, had C3 . C1 . C2 . C4 5 C5. That is, the F max value of soil fulvic-like fluorescence was equal to the F max of protein fluorescence.
Because several lakes had to be removed from the PARAFAC model, the Pearson's correlation coefficient was calculated between each component of the PARAFAC model and the corresponding EEM peak (i.e., closest analogue). The components were highly correlated to the regions of DOM EEM fluorescence previously identified, so further analysis of EEM fluorescence data will focus on these analogues.
Carbon stable isotopes-Dissolved carbon pool stable isotope values showed a strong influence of 13 C-enrichment in the DIC and DOC of the CGP lakes relative to the NGP lakes (Table 2) . Carbon stable isotope values of DIC ranged from 24.6 to +6.3% with a median d 13 C-DIC value of 21.9%. There was no significant relationship with DIC concentration, which ranged from 38 mg L 21 (Lake Albert, South Dakota) to 12,605 mg L 21 (Border Lake, Nebraska; Table 1 ). DOC stable isotopes (mean 5 223.1%, Table 2) were enriched relative to typical temperate freshwater lake DOC values (226% 6 1.5%, Osburn et al. 2001 ). The most depleted d 13 C-DOC value was 225.0% (Clear Lake, Montana), and the most enriched d 13 C-DOC value was 220.1% (Island Lake, Nebraska). The variation in d 13 C-DOC values could not be explained by increasing DOC concentrations (r 2 5 0.11, p 5 0.050, df 5 22). However, the NGP lakes showed a significant enrichment of d 13 C-DOC value with conductivity (r 2 5 0.44, p 5 0.0013, df 5 17). By contrast, the CGP lakes showed no significant trend in d 13 C-DOC value with conductivity.
Nutrients and chlorophyll-Total nitrogen (TN), total phosphorus (TP), and chlorophyll a (Chl a) concentration data from Salm et al. (2009) were included as an estimate of nutrient loads to each lake. Both TN and TP concentrations were greatest in Border Lake, Nebraska, and lowest in Brush Lake, Montana (Table 1) . Chl a values ranged from 1.1 mg L 21 (Brush Lake, Montana) to 550.0 mg L 21 (Goose Lake, Montana). The mean Chl a concentration was 32.0 mg L 21 , while the median value was 13.2 mg L 21 . Goose Lake, Montana, was a clear outlier in terms of algal biomass. This lake was bright green in color and heavily dominated by the chlorophyte Dunaliella sp. (Salm et al. 2009 ).
Dissolved lignin-Absolute concentrations of the eight lignin phenols (S 8 : vanillyl + syringyl + cinnamyl phenols) were lowest in Alkaline Lake, Nebraska (27 mg L 21 ), and highest in Free Peoples Lake, North Dakota (96.1 mg L 21 ) ( Table 2) . Yields of dissolved lignin (L 8 : mg lignin per 100 mg OC) provide an indication of the fraction of DOC that is terrestrial and ranged from 0.010 for Goose Lake, Montana, to 0.392 for Kettle Lake, North Dakota. Dissolved lignin S : V vs. C : V ratios suggested a mixture of vascular plant tissue types lacking in gymnosperm nonwoody tissue (Fig. 4A) . The dissolved lignin from both NGP and CGP lakes was somewhat depleted in angiosperm woody tissue and angiosperm nonwoody tissue (leaves and grasses) sources. This effect appears stronger in the CGP lakes. Grasses are rich in cinnamyl phenols and typically plot in the ''a'' region of Fig. 4A . The highest C : V ratio (0.13) was found for lignin in Alkali Lake, North Dakota, while the lowest C : V ratio (0.00) was found for Clear Lake, Montana. This indicated that Clear Lake was notably lacking in cinnamyl phenols, which is surprising given the dominance of grasslands in the Great Plains. The oxidative state of dissolved lignin indicated by (Ad : Al) v ratios was lowest (0.56) for East Stump and Kettle Lakes (both in North Dakota), while the highest ratio (1.16) was found for Medicine Lake, Nebraska. This ratio was positively correlated to conductivity (r 2 5 0.20, p 5 0.019; n 5 23), but the trend was strongly driven by data from only two lakes (Fig. 4B ). Trends with conductivity-At most, conductivity explained just over 20% of the variation in any of the optical or chemical properties reported when all lakes were pooled together (data not shown). Most notably, DOC-specific absorption at 350 nm, a Ã 350 , decreased with conductivity (log a Ã 350 5 20.313 + 0.402 3 log conductivity; r 2 5 0.26; p 5 0.006; n 5 24). However, separating the NGP from the CGP lakes revealed similar trends and significant models among many variables (Table 4 ). Except for S R , HIX, and BIX, each variable was log transformed prior to regression calculations. DOC increased in both lake groups, although the trend was only significant for the NGP lakes. For both NGP and CGP lakes, F max increased significantly with conductivity but a 350 did not. The qualitative indicators for CDOM absorption, S R and a Ã 350 , also did not show a trend when the lakes were separated into groups. HIX showed a significant decrease with conductivity in the CGP lakes, but no significant trend in the NGP lakes was found. By contrast, BIX increased significantly with conductivity in both lake groups, although the degree of variance explained was greater in the CGP lakes (60%) than in the NGP lakes (24%). Conductivity explained 50% and 60% of the variation in TN for NGP and CGP lake groups, respectively. Much greater variation in TP was explained by conductivity (72%) in the CGP lakes than in the NGP lakes (40%). Conductivity was not a significant predictor of Chl a concentration in either lake group. The concentration of lignin phenols, S 8 , was not significantly related to conductivity for the NGP lakes, although it was for the CGP lakes, where conductivity explained about 80% of the increase in S 8 . The opposite trend was found for L 8 , in which the CGP lakes showed no significant relationship with conductivity, yet a weak (r 2 5 0.28) negative trend was found for the NGP lakes. However, the NGP lake trend was caused primarily by Goose Lake, Montana, and once this lake was removed, the regression was not significant.
DOM photodegradation-Sunlight exposure of filtered water from Alkali Lake, North Dakota (collected in June 2001), for 2 d caused distinct changes to its DOM ( Fig. 5A-5D ). DOC concentration decreased by 14% (43.6 to 36.8 mg C L 21 ), while a 350 decreased by 36%. The rate coefficient for photooxidation of DOC to DIC was 2.49 mg C L 21 d 21 . Both peak C and peak A were most photolabile, since F max at each peak decreased by approximately 0.3 nm 21 (Fig. 5C ). However, the relative photobleaching of these peaks was not equivalent. Peaks C and M, which lost 41% and 36% of initial fluorescence, respectively, experienced a relatively greater amount of photobleaching than did peak A, which decreased by 29%. The protein peaks exhibited the least amount of photobleaching: peak T decreased by 9% and peak B by 2%. In Fig. 5D , the most fractional photobleaching of DOM fluorescence (.40%) occurred in the region of peak C, overlapping peaks M and N.
Photodegradation also changed the quality of DOM from Alkali Lake, North Dakota. After 2 d of sunlight exposure a Ã 350 decreased by 26% and S 300-650 values increased by 20%. Most of this change in spectral slope occurred in the low ultraviolet wavelengths as S 275-295 increased by 17%, while S 350-400 increased by 4%. The slope ratio (S R ) increased from 1.24 to 1.41, consistent with CDOM photobleaching (Helms et al. 2008) . The HIX ratio decreased by 5%, while the BIX ratio decreased by 2%.
Discussion
An important finding from this study is that autochthonous DOM, as indicated by fluorescence, accumulates in a broad geographic range of prairie lakes having widely different chemical properties. The EEMs and PARAFACderived components from our Great Plains data set generally resemble EEMs and PARAFAC components published elsewhere for freshwater lakes, streams, wetlands (see review by Fellman et al. 2010) , and saline ponds in the Brazilian Patanal wetland (Mariot et al. 2007) . Also, F max values from the PARAFAC model showed that, while peak C and peak M (C1 and C2, respectively) captured most variation across lakes, peak A (C3) was generally the most fluorescent (Fig. 3) . A surprising result was the relatively high photolability of peaks C and M, which were highly correlated to nutrients and appear to be autochthonously derived (Table 5) , relative to the terrestrial humic peak A (Fig. 5 ). Despite this finding, it is clear that Great Plains prairie lakes contain large amounts of terrestrial organic matter, relative to DOC, as shown by our lignin results. Effect of conductivity on DOM in prairie lakes-Conductivity clearly indicated the evapoconcentration of DOM and nutrients in both the NGP and CGP lake groups (Table 4 ). While CDOM absorption at 350 nm did not increase significantly with conductivity, F max and DOC did in both the NGP and CGP lake groups. This implies that evapoconcentration does have some effect on the quantity of DOM in lakes with high conductivity, as noted for prairie lakes in Alberta, Canada (Curtis and Adams 1995; Arts et al. 2000) . The slopes of the log DOC-log conductivity regressions for our lake groups (NGP and CGP) were compared with regressions we calculated from prior work on saline lake DOM (Table 6 ). Across a range of saline lakes, the slope of the log-log regression is surprising similar, 0.534 6 0.127, and conductivity explained 56-77% of the variability in DOC concentration. This consistency of the slope values among these regressions demonstrates the importance of evapoconcentration for shaping the amount of DOM found in saline lakes globally.
The quality of DOM also changes with evapoconcentration, although the effect was seen more strongly for the CGP lakes than the NGP lakes. Across the Great Plains lakes, DOM became more autochthonous in nature with increasing conductivity, yet the concentration mechanism also appeared to increase terrestrial DOM in the Sand Hills lakes of Nebraska. This assertion is supported by the increase in BIX ratios with conductivity observed for both lake groups and a decrease in the HIX ratio with conductivity only for the CGP lakes. However, lignin also increased in the CGP lakes with conductivity but not as a fraction of DOC concentration. Both N and P are also concentrating in these lakes, possibly because of differences in land use, which would supply ample nutrients to sustain both phytoplankton and bacterial production (Salm et al. 2009 ). These results suggest two possibilities: that terrestrial DOM was diluted by autochthonous production, or that terrestrial DOM was heavily degraded as conductivity increases in these lakes. We discuss each possibility in turn.
Autochthonous DOM in prairie lakes-Rates of primary production (PP) in the lakes were significantly lower when lignin comprised a larger fraction of the DOM (Fig. 6) but not when CDOM absorption comprised a larger fraction of DOC, i.e., a Ã 350 (data not shown). This result is somewhat surprising, and using a multiple linear regression test, we found that PP was best modeled with peak M, which had a positive influence on PP, and lignin concentration, which had a negative effect on PP (log PP 5 5.105 + 1.169 3 log M + 2.151 3 log S 8 ; r 2 5 0.57; p , 0.001; RMSE 5 0.3955; n 5 21). The significant terms were determined by forward stepwise regression with no model terms, adding in the most statistically significant term (the one with the lowest p) until the root mean squared error (RMSE) of the model was reached. A second stepwise regression of DOC on fluorescence resulted in peak T and peak M being the best predictors of DOC concentration (log DOC 5 1.126 + 0.237 3 F max,T + 0.109 3 F max,M ; r 2 5 0.76; p , 0.001; RMSE 5 0.2979; n 5 21). This analysis explains the overall increase in BIX with conductivity seen in these lakes ( Table 4 ).
The preceding argument is supported by DOM fluorescence-nutrient relationships. Higher primary production and more nitrate were found in the CGP lakes compared with the NGP lakes (Salm et al. 2009 ). Both TP and TN, as well as conductivity, had higher correlation coefficients to peaks C, M, and N than to either the protein peaks B or T, or the terrestrial humic peak A (Table 5 ). Further, peak M was strongly related to CDOM absorption (M 5 0.675 + 0.068a 350 ; r 2 5 0.78, p , 0.001; n 5 26), and, using both, we 
This model shows the importance of peak M as a qualitative indicator of autochthonous DOM in relation to nutrient and DOM concentrations in lakes. Peak M was a prominent feature of microbial fulvic acids from Antarctic lakes lacking terrestrial DOM inputs (McKnight et al. 2001) and is a ubiquitous microbial DOM signal related to primary production and found in many marine, coastal, and inland environments (Stedmon et al. 2003) . Similar microbially derived fulvic acids identified in the Great Salt Lake fit a model best described as oxidized amino sugar acids (Leenheer et al. 2004) , which is very compelling when compared with the dominance of peak M in microbially and photochemically modified amino sugars (Biers et al. 2007) . Peak M also has also been shown to develop in actively growing and axenic phytoplankton cultures (Romera-Castillo et al. 2010) . In light of these reports, the fluorescence results we have shown suggest a changing prominence of autochthonous DOM across the Great Plains prairie lakes, despite the more intense fluorescence from the ubiquitous C3 (terrestrial humic peak A) seen in Fig. 3 . The substantial amount of Chl a in many of these lakes also supports our assertion that autochthonous DOM was created as a result of bacterial processing of primary production in these lakes.
Carbon isotopes in prairie lake DOM-Carbon stable isotope evidence suggested a mixture of primary production and C3 and C4 land plants as sources to the prairie lakes. For example, Goose Lake, Montana, had a d 13 C-DIC value of +1.5%, and the C3 chlorophyte (Dunaliella sp.) that dominates this lake would likely exert a 20% fractionation factor on DIC fixed into its biomass. This would produce a phytoplankton d 13 C-DOC of 218.5%.; the d 13 C-DOC value of Goose Lake, Montana, was 222.6%. Thus, a simple mixing model would require that Goose Lake, Montana, DOM be 57% terrestrial and 43% autochthonous based on a terrestrial end-member (C3 land plant) with a d 13 C-DOC of 227%. However, d 13 C-POC values of 219.5% to 223.6% for rivers in the central United States indicate a dominance of C4 grasslands (Onstad et al. 2000) . Therefore, mixtures of both C3 and C4 vegetation, thus a mixture of grassland vegetation, deciduous forest vegetation, and phytoplankton, could produce the d 13 C-DOC values we measured in many of the Great Plains lakes (Table 2) . However, no relationship was found between d 13 C-DOC and L 8 that would indicate DOM stable isotope values are depleted when lignin increased as a fraction of DOC. Thus, a trend unrelated to adding terrestrial C must be driving the change in d 13 C-DOC values. The d 13 C-DIC values showed a clear positive trend with d 13 C-DOC (Fig. 7A) . Simultaneously, d 13 C-DIC values increased with the rate of primary production (Fig. 7B) . These results mean that high amounts of primary production in the lakes we studied, formed from isotopically enriched DIC, accumulate in the DOM pool. This is not surprising when examining Goose Lake, Montana, which had nearly 200 times more Chl a than lignin, low HIX and high BIX values, and very high concentrations of nutrients (Tables 1  and 2) .
Moreover, combining CDOM absorption and stable isotope results suggested that, as CDOM increased relative to DOC, its source was autochthonous production (Fig. 8A,B) . Our analysis is based on the work of Blair et al. (2003) , who used d 13 C values and organic carbon : surface area ratios to express the mass balance of organic carbon mixing on a continental shelf (see their equations 1-3). Here, we consider the following mass balance equations 
where d l is the d 13 C value of lake DOM, and d a and d t are the d 13 C values of the autochthonous and terrestrial carbon inputs. The total increase in CDOM as a fraction of DOC, a Ã 350 , in the lakes as originating from terrestrial and autochthonous sources, is given as c l , c a , and c t , respec-tively. Equations 4 and 5 are combined and rearranged to produce the mass balance:
The slope of this equation, d a , is determined from a plot of d l c l vs. c l (Fig. 8A) and was determined to be 221.3% 6 0.9%. This represents the isotopic signature of the carbon responsible for the increase in a Ã 350 , and the value is consistent with the enriched d 13 C-DOC values that reflected high rates of primary production in the lakes of the Great Plains.
A similar mass balance was calculated using L 8 values in place of a Ã 350 values to determine the average d 13 C-DOC value responsible for the added lignin as a fraction of DOC (Fig. 8B) . The d a in this case was 223.6% 6 0.9%, which was significantly depleted compared with the a Ã 350 -based value. While both estimates of d 13 C-DOC values fall within the ranges of terrestrial organic matter expected for the U.S. Great Plains (Onstad et al. 2000) and autochthonous organic matter, they were significantly different. While evapoconcentration has apparently concentrated terrestrial DOM in the CGP lakes, terrestrial DOM has also decreased as a fraction of DOC concentration. Thus, we suggest that the increase in CDOM as a function of DOC in these lakes is due to autochthonous processes.
Trophic status and prairie lake DOM-The nutrientcolor paradigm used to describe freshwater lake DOM by Williamson et al. (1999) provides a framework for evaluating prairie lake DOM in the context of trophic status and mixing of autochthonous and terrestrial DOM sources. ''Four corners'' of a CDOM-nutrient matrix were defined using a 320 and TP concentrations to maintain consistency with the Williamson et al. matrix (Fig. 9A,B) . The dystrophic region of high CDOM and low TP represents very humic ''brown'' freshwater lakes dominated by terrestrial inputs, whereas purely autochthonous ''green'' lakes have low CDOM and high TP. In this matrix, Brush Lake, Montana, was included as an example of a eutrophic (high TP, low CDOM) system, but compared with other prairie lakes in our data set, Brush Lake had the lowest Chl a, TP, and TN concentrations. Brush Lake's TP and Chl a values are low in a broader sense among lakes in general, plotting at the lower end of the classic Chl a vs. TP trend (Dillon and Rigler 1974) . Moreover, the 1% PAR light depth for Brush Lake was 9.59 m. Brush Lake does not meet criteria for a eutrophic system in chlorophyll-TP space, but this lake and the majority of the lakes studied here fall between states of eutrophy and mixotrophy (high nutrients, high CDOM) in CDOM-TP space. The majority of prairie lakes plotted in the latter region (Fig. 9A ). Replacing a 320 with peak M fluorescence produced a very similar trend with TP concentrations (Fig. 9B ). This means that the prairie lakes do not fit well into the Williamson nutrient-color paradigm. Rather, the integration of DOC into trophic evaluations for the prairie lakes strongly suggests the DOC is autochthonous in nature.
That most of the lakes in our dataset were mixotrophic explains the surprising positive correlation between DOM optical properties (absorbance, fluorescence) and PP and supports the lignin and stable isotope analyses previously discussed. The fluorescence characteristics of C1 and C2 from the PARAFAC model very closely resemble microbial fulvic acids identified for autochthonous-dominated Antarctic lakes (McKnight et al. 2001) , and the fluorescence of pore water DOM centered near Ex 360, Em 450 from a eutrophic lake dominated by diatom production (Heinsalu et al. 2007 ). We did not measure pore waters in the NGP or CGP lakes, but the most productive lakes in our data set were shallow eutrophic systems that may have DOM influenced by pore water release of autochthonous, microbially transformed material.
Photochemical reaction mechanisms in prairie lake DOM-A second important finding from our research was the high amount of photoreactivity attributable to a microbially transformed, autochthonous DOM source in Alkali Lake, North Dakota. The decrease in a Ã 350 and HIX along with increases in spectral slope and S R values after sunlight exposure was consistent with photodegradation of humic DOM (Helms et al. 2008) . A plot of a Ã 350 vs. S 300-650 values for the prairie lake DOM we studied showed a pattern that was very similar to that found for Greenland saline lakes (Anderson and Stedmon 2007) (Fig. 10A) . These authors distinguished the effect of photobleaching on the Greenland lakes as having relatively low DOC-specific absorption and relatively high S 300-650 values. Waiser and Robarts (2004) , who first documented the ability of photodegradation to affect strongly the DOM cycle in saline ponds, also found that S 290-420 increased while a Ã 350 decreased after sunlight exposure. However, neither S R nor its component slope coefficients showed a trend with a Ã 350 that would indicate photobleaching in the same manner as did S 300-650 ( Fig. 10B-D) .
The losses in DOM fluorescence after Alkali Lake water was exposed to natural sunlight were similar to those reported for photobleaching experiments on whole and fulvic acid-fractionated lake water in the Arctic (Cory et al. 2007 ) and a variety of freshwater lakes and marshes, in addition to a commercially available humic acid (Winter et al. 2007) . In these studies, the majority of fluorescence photobleaching occurred in the peak C and peak A regions, which explains the decrease in the HIX ratio we observed. The rate constant for DOC photooxidation in Alkali Lake was ca. 2.5 mg C L 21 d 21 , which was much greater than the rate found for a saline wetland in Canada (Waiser and Robarts 2004) . Regardless, both studies show the highly photolabile DOM in prairie lake ecosystems. What is notable about our findings for Alkali Lake was that peaks C and M both responded with similar degrees of photobleaching and greater than terrestrial humic DOM (peak A). During senescence of macroalgae, fluorescence signals develop at peaks M and N and then decrease, shifting to peak C (Parlanti et al. 2000) . In light of development of peak C in Goose Lake, Montana, and the similar photoreactivity of peak C and M in Alkali Lake, this argues strongly for peak C having autochthonous origins. These results demonstrate that the formation of autochthonous CDOM in prairie lakes can be readily degraded after exposure to sunlight, and our rates indicate this organic C eventually can be oxidized to CO 2 . Curtis and Adams (1995) argued that selective removal of certain DOM pools could occur in lakes situated in semiarid regions and that removal and addition mechanisms are not mutually exclusive. This would appear to be the case in the Great Plains prairie lakes as a result of photochemical degradation and formation of fluorescent humic substances. S 8 increased significantly with conductivity only for the CGP lakes, implying that these lakes concentrate terrestrial DOM more than do the NGP lakes, in which S 8 did not vary significantly with conductivity ( Table 4 ). The terrestrial fraction of DOM in the high conductivity prairie lakes from our study appears to be quite low, despite the similarity of the median S 8 concentration (51.8 mg L 21 ) to that of rivers (e.g., Congo River, 76.5 mg L 21 ; Spencer et al. 2009 ) or any concentrating effect seen with conductivity. Lignin phenol yields per milligram of DOC (L 8 ) were at most 0.392 mg (100 mg OC 21 ) (Kettle Lake, North Dakota) and as low as 0.010 mg (100 mg OC 21 ) (Goose Lake, Montana; Table 1 ). The higher end of these values is similar to late summer L 8 values reported for a series of boreal lakes (Ouellet et al. 2009 ), while the lower end of the lignin phenol yields (,0.1 mg (100 mg OC) 21 ) approach those found in river DOM subjected to substantial photodegradation (0.03 mg (100 mg OC 21 ); Spencer et al. 2009 ).
An increase in a Ã 350 with L 8 (r 5 0.59, p 5 0.005, n 5 21) suggests that relatively CDOM-poor lakes had relatively less lignin, an effect attributable to photodegradation of terrestrial DOM compounds such as lignin (Spencer et al. 2009 ). The lignin biomarkers studied from these lakes also indicated effects from photodegradation. First, L 8 decreased as a function of conductivity, meaning that less terrestrial, lignin-rich DOM was present in the higher conductivity lakes. Second, the S : V ratio was positively correlated to L 8 (Pearson's r 5 0.57, p 5 0.007, n 5 21), as was C : V ratio (r 5 0.64; p 5 0.002; n 5 21), indicating that both syringyl and cinnamyl phenols were relatively lower in DOM for which lignin was a small fraction (Joe Lake, Nebraska, was removed as a statistical outlier). A simple dilution of lignin concentration would not change S : V or C : V ratios; the selective removal of vanillyl, syringyl, or cinnamyl phenols would change these ratios. The cinnamyl phenols are probably removed as terrestrial DOM is transported through soils (Ouellet et al. 2009 ). Photochemistry likely does not remove cinnamyl phenols at rates sufficient to influence C : V ratios, and the removal of syringyl phenols during DOM photodegradation tends to be size dependent (Hernes et al. 2007 ). This variability with DOM size probably explains a weak correlation we found between S : V and a Ã 350 (r 5 0.42; p 5 0.05, n 5 21). However, the (Ad : Al) v values of lignin from the Great Plains lakes were relatively constant and did not suggest that highly oxidized lignin occurred in these lakes, a result also found in boreal lakes (Ouellet et al. 2009 ). A variety of fractionation processes between phase transfers of organic matter (leaching and sorption) likely restricts the utility of (Ad : Al) v ratios to compare oxidative states of lignin among our study lakes (Hernes et al. 2007 ). Rather, (Ad : Al) v measured seasonally within each lake might better indicate changes to lignin due to photodegradation.
In addition to photodegradation, photohumification may be occurring in the nutrient-rich and highly productive prairie lakes, especially as a result of the presence of N. Photochemistry has also been shown to oxidatively crosslink lipid precursors, creating a peak C fluorescence signal and incorporating N into the newly formed marine humic substances (Kieber et al. 1997) . Peak M tends to emerge after the photodegradation of algal detritus, which also was linked to N incorporation of amines and free ammonia (Mayer et al. 2009 ), the latter probably significant at the pH of these lakes (Table 1) . Further, Mayer et al. (2009) argued that tryptophan (peak T) photoproducts are photolabile. This supports a highly photolabile peak M observed during amino sugar microbial and photochemical processing (Biers et al. 2007) . It is thus probable that photochemistry is both forming and degrading CDOM in saline lakes, which would explain the change in EEMs from Goose Lake, Montana, between May and August 2004, which exhibited a shift from peak A toward the regions of peaks M and C (Fig. 1G,F) . The large concentrations of TN in the NGP and CGP lakes mean that photohumification certainly is possible.
In general, our observational data suggest active biogeochemical cycles of autochthonous and allochthonous DOM in saline lakes. As conductivity increases, so does DOC, but our evidence suggests most of this DOC enrichment is due to autochthonous production in these eutrophic and mixotrophic lakes and that activity also produces fluorescent material, as suggested by a colornutrient model (Fig. 9A,B ) and as reported in the literature (Nieto-Cid et al. 2006; Biers et al. 2007; Romera-Castillo et al. 2010) . Both microbial and photochemical processes likely cause the increase in peak M fluorescence, which itself is photoreactive.
The lakes in our data set remain well mixed on daily cycles primarily due to strong winds (although certainly calm periods occur, enabling stratification and enhancing photochemistry). In this case, daily mixing can reset the photohumification and photodegradation signals (Osburn and Morris 2003), since the ratio of the photic depth (likely a few centimeters given the K dPAR values in Table 1 ) to the vertical mixing depth (ranging tens to hundreds of centimeters) controls the amount of photochemistry that occurs. This could explain the poor relationship of S R to a Ã 350 . However, strong fetch also enables CO 2 emission from surface waters. Therefore, we made estimates of CO 2 flux from the surface of Alkali Lake, based on the photodegradation rate of 207.5 mmol C m 23 d 21 from previously described experiments in this study. Most UV radiation is attenuated in the top 0.2 m of Alkali Lake (Table 2) , so the depth-integrated rate of photodegradation was estimated as 42 mmol C m 22 d 21 .
Climate implications of prairie lake DOM biogeochemistry-Finally, we place carbon cycling flux estimates in context of recent reports on the importance of saline lakes to global CO 2 flux (Duarte et al. 2008; Finlay et al. 2010 ). The high pH and alkalinity of saline lakes across the Great Plains mean that most serve as DIC reservoirs, but saline lakes may also release CO 2 through biological respiration and carbonate precipitation (Duarte et al. 2008) , while hydrologic inputs of DIC also appear to be important regulators on C fluxes in hardwater lakes (Finlay et al. 2010) . Duarte et al. (2008) concluded that carbonate precipitation rather than biological respiration is a driving mechanism for CO 2 supersaturation because of low pCO 2 -Chl a relationships. Further, they used the Caspian Sea to Table 6 . Comparison of DOC-conductivity relationships among saline lakes globally. Regressions from regions other than this study were calculated on data presented in the referenced study (data were estimated averages from Mariot et al. 2007 ). ns 5 not significant. estimate a global flux of CO 2 from saline lakes at ,120 Tg C yr 21 based on CO 2 emission rates of 81 to 105 mmol C m 22 d 21 . None of these studies consider DOM photodegradation as a contributing factor to CO 2 flux from saline lake surface waters, although our results and those of Waiser and Robarts (2004) clearly demonstrate the importance of photodegradation in saline lake carbon cycles.
Geographical location
To place photodegradation in context of CO 2 dynamics, we calculated rates of photochemical degradation (PD), community respiration (CR), and PP for the lakes in our data set, and compared these rates to CO 2 emission rate estimates (Duarte et al. 2008) (Table 7) . PD was estimated using the daily photochemical degradation rate estimate from Alkali Lake, North Dakota, based on the decrease in DOC concentration normalized to the decrease in peak M fluorescence, and integrated over a 0.1-m effective depth. CR was estimated using an algorithm based on peak T and TP data (Cammack et al. 2004) . PP was obtained from Salm et al. (2009) . Both CR and PP were depth integrated over 1.9 m, the 1% PAR attenuation depth in many of the prairie lakes calculated from K dPAR values (Table 2) . Median values are reported along with the range of estimates. The median CR (50 mmol C m 22 d 21 ) was generally higher than the median PP (34 mmol C m 22 d 21 ) in these lakes in May of 2004, although the median ratio of PP : CR (P : R) was 0.86, indicating net heterotrophy in these lakes. The range of all estimates was quite large, indicating the heterogeneity in carbon cycling among the lakes and emphasizing the distribution of these lakes across the color-nutrient paradigm (Fig. 10A,B) . PD was high given the relatively shallow depth (0.1 m) used to estimate depth-integrated photochemical production of CO 2 . Together, the median CR + PD was 87 mmol m 22 d 21 and fell within the range of mean CO 2 emission rates estimated for saline lakes globally (Duarte et al. 2008) . These preliminary calculations demonstrate that DOM photodegradation in saline lakes can be an important carbon cycling component.
A caveat to these calculations is that the importance of these processes varies with season. For example, photodegradation in prairie saline lakes is maximal during a few summer months and minimal during the winter. Despite these considerations, the high CDOM content in many saline lakes warrants further study of the seasonal uncertainty in the fractional contribution of photochemical and microbial respiration to CO 2 emissions from these systems. Table 7 . CO 2 flux estimates for prairie lakes of the U.S. Great Plains, compared with global estimates. Minus sign denotes CO 2 flux into the lake. P : R is the ratio of the rate of PP to the rate of CR. Values , 1 indicate net heterotrophy, hence CO 2 flux to the atmosphere. Fluorescence is in Raman units (R.U.). 
